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1S6. Proposed by 6. B. H. ZERR, A. M., Fb. D., Professor of Chemistry and Physics, The Temple College, 
Philadelphia, Pa. 

•Find the volume common to the two solids x* -\- y* -\-z- =a~ and xz i 
=(a-xXx*+y*). 

I. Solution by the PEOPOSEE. 



The limits of z are z= J-—( xS +V i ) to 2=i/(« 2 — *° —y*)- 

Eliminating z, y—y[x(a — x)"]. 

.•. The limits of y are and j/[«(a — *)]=#'; the limits of x are and a. 

•■■ r=i f, r, [i- / (« , -«'-»')- > j^ f (*'+»')]*oi>, 

Let #— atan 2 in the first term, and *=asin s ^ in the second term. 

.-. F=4a 3 J* \l-ten*0)ta,n0se<i*0d6— 4a 3 f sin«0cos 2 01og ( 1+CO tf S<> )do 

=$*a*-$-a 3 +ba s f h>g(tan£0)a"0. 
Jo 

J log(tan$0)a*0=4j log^ k 7r )d0=- J (cos0+4cos 3 C+icos50+ )d(> 

==-2p' r (cosfl+icos3» + -icos5fl+....)^=-2(l-l/3 2 +l/5 2 -l/7 i! +l/9 2 -...) 

J 

^ 1fi r 13 , 2n-l -I 

Ll , .3«" 1 "6«.7*" + *' , '~ l "(4n-3) t (4n-l)« J 

=-1.832 nearly=—16[. 114488335]. 

.-. F=§jra 3 -£a 3 — .458a 3 =§«i' -1.708a 3 . 

II. Solution by B. F. FIHKEL, A. M., M. So., Professor of Mathematics and Physics, Drury College, Spring* 
field, Ho. 

Transforming the two surfaces to polar coordinates, the equations of the 
first are p=a, and of the second, />=asin^sec0. The equations of the intersection 

of the two surfaces are l '~~ a , a \ . 
sm0=cos0 J 

The volume common to the two solids bounded by the surfaces is 
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F=4| I I /> 2 sin^^d/)=:Ja 8 I I (l-sin'^sec 3 0)sinWd0, 

J J J <*sin*sec« •' J 

=|«*H»-H + A-J^oB tan-|-d(4=§^»-fa«+ia'J'*' r log tan-|-#], 

n= oo 9»1 — 1 

=1 *. - H . -J..JI [4w _ 3p ^^. =.8860', nearly. 

log tan— -d^, see the remarks on Prize Problem, 
o - 

No. 123, Calculus. 

157. Proposed by L. C. WALKER, A. M., Graduate Student, Leland Stanford Jr. University. Cal. 
Two equal ellipses are tangent to each other at the vertices of the major axes. If 
one of them be rolled on the other; find (1) the equation and area of the curve described 
by the vertex, and (2) by the center. 

Solution by 6. B. M. ZEEE, A.M.. Ph.D.. Professor of Chemistry and Physios, The Temple College, Philadel- 
phia, Pa., and the PROPOSES. 

Let a and 6 be the semi-axes of both ellipses ; B the center of the fixed el- 
lipse : G, the center of the rolling ellipse ; P, its vertex ; and D, the point of con- 
tact; e*=(a* -&*)/<**. Let BE=x, BF^m, PE=y, CF=n, and Z.ABO= 
lPGB=o. 

Then, PC=2a]/(l— e 2 sin 2 0)=twice the length of | 
the perpendicular from B on the tangent at D. 

m=2amsey / (l-e i sm i B), w=2asin0,/(l- e!! sin 5 0), 

a:=JM-PG ( =2acos(? 1 /(l— e 2 sin 8 0)— acos20, 

y=n—CG-2asm0 } /(l—e i siu i 0)-asin20. 

a;2-j-2/2=r 5 =a 2 +4a s (l— e 5 sin 2 0)— 4a 8 oos0|/(l-e 2 sin 2 0), 
the equation of the locus of the vertex. 

Areata 2 f'[5-4e 2 sin 2 ^-4cos<',/(l-e 2 sin 2 fl)]^=sa 2 (5— 2e 2 )=ff(3a 2 +2& 8 ). 
J o 

BC"=/w 2 =4a 2 (l— e 2 sin 2 0), the equation of the locus of the center. 

Area=4a 2 f\l-r*sin 8 0<^=2*a 8 (2-e 2 )=2*(a 2 +& 2 ). 
•' o 

Also solved by J. SOHEFFEB, and O. W. GREENWOOD. 

MECHANICS. 

147. Proposed by W. J. GEEENSTREET, M. A., Editor of The Mathematical Gazette, Strond, England. 
A particle mass m is attached to one end of a string, the other end of which is fixed. 
It is projected horizontally with such a velocity that it would rise to a position in which 




